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Abstract: To investigate the dynamic characteristics and cumulative deformation behavior of saturated
soft clay under multi-level cyclic loading, a multi-level staged cyclic dynamic triaxial test was used to
simulate the Foreshock-Mainshock-Aftershock sequential seismic loading. The effects of intermittent
combined cyclic stress ratio, loading frequency, and the number of cycles to failure on the deformation
and strength characteristics of saturated soft clay were studied and analyzed. On this basis, a mathe-
matical model describing the development of cumulative plastic strain of soft clay under multi-level
staged dynamic loading, incorporating multiple influencing factors, was proposed. The research re-

sults indicated that the dynamic strength of soft clay increased during the initial stage of dynamic load-
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ing due to vibration-induced compaction, while the structural damage during failure was intensified,

leading to a reduction in residual strength. Under the influence of the mainshock-aftershock type cyclic

stress ratio, the cumulative deformation of soft clay under multi-level staged dynamic loading exhibit-

ed three different patterns: stable, progressive, and failure types. Under the foreshock-mainshock type

dynamic loading, the dynamic strength of soft clay decreased with increasing loading frequency,

whereas under aftershock loading, it was jointly affected by both loading frequency and the number of

cycles to failure. A deformation prediction model for soft clay, using the number of cycles to failure as

the main fitting parameter, was established in this study. The model provides an engineering reference

for evaluating the development of cumulative deformation and the stability of geomaterials under se-

quential seismic dynamic loading.

Keywords: soft clay; intermittent cyclic loading; number of cycles to failure; cumulative plastic defor-

mation
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Table 1 Loading and unloading sequence for surcharge

preloading
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Table 2 Basic physical parameters of remolded kaolin
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Table 3 Dynamic triaxial test scheme
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Fig.2 Axial strain-vibration cycle relationship curves under

mainshock-aftershock type
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10" cycle in aftershock stage
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Table 4 Parameters obtained from empirical formula fitting

RN 51 SR /Hz Yo A, l A, ‘) R’
CSR=0.1-0.15-0.1 —1.1 2.96 3.88 1.73 489.7 0.99
CSR=0.1-0.16-0.1 1 —0.96 2.61 3.63 0.58 298.0 0.99
CSR=0.1-0.18-0.1 —0.58 1.75 3.54 0.06 266.0 0.91
CSR=0.1-0.15-0.1 —0.5 2.7 5.05 5.8 875.8 0.98
CSR=0.1-0.155-0.1 3 —0.45 2.2 4.57 2.2 572.0 0.97
CSR=0.1-0.18-0.1 —0.28 1.23 3.23 0.2 405.3 0.92
CSR=0.1-0.135-0.1 —0.3 2.2 4.32 7.1 1825.5 0.84
CSR=0.1-0.14-0.1 5 —0.19 1.88 4.41 2.38 619.4 0.99
CSR=0.1-0.16-0.1 —0.18 1.36 3.40 0.66 903.9 0.92
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strain values at each frequency in aftershock stage
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